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Executive Summary

Previous western and central Pacific Ocean (WCP&Ipwfin stock assessments assume that the
reproductive potential is proportion to the spawnstock biomass, with maturity at age the only
explicitly reproduction-related factor taken intccaunt. Recruitment to maturity for yellowfin iSedted

by a number of intrinsic factors, including sizéated, age-related, and spatial changes in sea, rati
fecundity per kg, spawning fraction, and egg vi&hiWe provide parameterisations of these factors
consideration in future yellowfin stock assessmenke analysis specifically examines assumptioas th
sex ratio is constant for all age classes andagatiations, alternate fecundity and length refahip,
and potential spatial variation in maturity at agéhe WCPO.

We observed differences in the estimates of theuntytat length by longitude, with sk for yellowfin
sampled from Indonesia smaller than that obserlsziMbere in the WCPO. Alternative growth curves
influenced maturity at age estimates with the neg® growth curve resulting in older maturing
individuals than that observed when the standard®@@ide growth curve was applied. This influence
was also detected when calculating the maturityedole for each of the alternative growth curves.
Regional differences in sex ratio were detectedh whe yellowfin sampled from region 3 more male
biased at sizes above 130 cm than was observdtenegions. Natural mortality at age was inflcesh

by the sex ratio data used and by the growth capmied, with region 3 sex ratio and growth curve
lowering the estimate of aggregate natural moytédit age classes between 2.5-5 yrs. Similarlyore@
sex ratio and growth curve influenced the estinaftanale bias in comparison to the WCPO-wide
parameterisation. Different relationships for fedity at age and spawning fraction at age for tik f
model and for region 3 were also observed.

These alternative parameterisations of the intrifesitors that describe reproductive potential for
yellowfin in the WCPO indicate that more explicibdelling of these processes and variances may be
warranted for future stock assessments of yellawfirsensitivity analysis to identify the influenteat
these alternatives have on the reference pointstosgssess yellowfin stock status is recommended a
first step. Similarly consideration of alternatimecomplementary explanations for the observeutitie
sex ratio with size, other than increased naturatalfity of mature females, is warranted. Modelsdd
on such alternative structural assumptions mayltresdifferent stock status estimates.



Introduction

Stock assessments of Pacific yellowfin tuna havenbeutinely undertaken for the western and central
Pacific Ocean (WCPO), and eastern Pacific Ocea®JEm the WCPO, reference points from these
assessments (e.guufenfFusy, SBuren{SBusy, €tc) are used by the members of the Western andral
Pacific Fisheries Commission (WCPFC) for evaluatimg status of stocks. Recent stock assessments for
yellowfin tuna indicate an increased probabilityattiihese reference points are being approached or
exceeded, to the extent that conservation measuegsneed to be considered to ensure long term
sustainable of the fishery (Langleyal.2007).

Stock assessments use models of the populatiomiysaf a species to estimate these referencespoint
As these models are simplifications of reality treg influenced by structural uncertainties (ke t
choice of parameters used to describe biologicatgsses, and the methods and assumptions used to
combine these parameters together), and paramatertainties (the availability, precision and aecyr

of information used to estimate each of these patars). Consequently, understanding the influentes
these uncertainties on the outputs of models isingportant aspect of considering the actions to
implement from a stock assessment.

The reproductive potential (RP) of the stock is‘#teck’ component of the stock recruitment relagbip
(SRR). The SRR is the way that density-dependesigatioduced into the model, and it is partly as a
consequence of this that RP is an important reterg@oint (e.g. SBren{SBusy). The RP also acts as an
indicator of the amount of reproductive potenti®eded for the stock to be sustainable — some
management regimes prescribe 20% of unfished R® lasit reference point (Mace and Sissenwine
1993).

Many stock assessments represent RP by spawnimlt iomass (SSB), which assumes that a
population’s RP is proportional to its SSB (Tripglal. 1997). This is the approach taken by previous
WCPO yellowfin stock assessments (Hampepral. 2006, e.g. Langlewt al. 2007). However, the only
explicitly reproduction-related factor taken intocaunt with SSB is maturity at age (defined in the
current yellowfin stock assessment at age 6 monfRegruitment to age 6 months for yellowfin is
affected by a number of factors, and including nadfrthem explicitly in the stock assessment modél w
improve the predictive power of the model. Thesadis can be divided into those that are intritsic
RP, and external factors such as environmentattsffand random variation. Factors intrinsic to RP
include size-related, age-related, and spatialgdsim sex ratio, fecundity per kg, spawning fattiand
egg viability. Environmentally-driven variation ilucles short-term temporal variation in the promorti

of the population mature at a particular age, fdaynand egg quality.

The approach used here to estimate natural mgrédlage has been previously applied to bigeyeléyar
and Maunder 2003, Watters and Maunder 2001) arldwfh (Maunder and Watters 2001) tunas in the
EPO, and to albacore (Hoyle 2008) and bigeye (Haylé Nicol 2008) tunas in the WCPO. Previous
WCPO yellowfin assessments have applied a natuvahtity ogive calculated using EPO data (Maunder
and Watters 2001). Previous work developing RP egjifor WCPO tunas has been carried out for
albacore (Hoyle 2008) and bigeye (Hoyle and Nic&) tunas in the WCPO.

In this paper we recalculate the RP in terms offéa¢ors most likely to affect true reproductivetmmut
for use in the 2009 yellowfin stock assessment. arradysis specifically examines:

(1) The structural assumption that both sexes tuté to reproductive potential.
In previous yellowfin assessment, sex ratio has lessumed to be constant for all age classes. In
yellowfin tuna (Schaefer 1998) and many other tspacies, the proportion of females in the
catch declines with age and size. This phenomenabserved in both purse seine and longline
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data (IATTC unpublished data). This “trend in seia” is assumed to reflect a trend in the

population sex ratio, and to be driven by diffei@nbatural mortality at age between the sexes,
associated with the stress of reproduction (Schd&f@8). We model this trend in sex ratio at age
to examine whether spatial influences are presedtta evaluate the influence of different

paramterisations on the calculation of natural aliiytat age and sex ratio at age estimates.

(2) The structural assumption that spawning bionsas indicator of reproductive potential.
In previous yellowfin assessments, spawning biorggsed as an indicator of reproductive
output. This assumes that the fecundity (combinigd spawning fraction) is directly proportional
to weight at age. However, an alternative estim&tP could be applied using egg production,
which may increase more rapidly than biomass wtigth. For WCPO yellowfin tuna the
exponent of the length-weight relationship is 2WHile the exponent of the length-fecundity
relationship is 3.27 (Itano 2000), indicating tleage fish dedicate considerably more of their
biomass to egg production. We include the obsergtatdionship of fecundity with length.

In the standard yellowfin assessment, spawnindimaés assumed to be uniform for all females.
This assumption has not been examined for yellowfthe WCPO, but in the EPO the spawning
fraction was found to increase with length (Scha2898). We recalculate the WCPO yellowfin
RP using egg production by applying the EPO spagvfrimction at length relationship.

(3) The influence of parameter uncertainty folgwefin maturity schedule.
The age schedule of yellowfin RP depends on thettrourve and data on yellowfin maturity,
fecundity, spawning fraction, and sex ratio at tan@patial variation in growth rate has been
hypothesised for yellowfin tuna in the WCPO (Larnygét al.2007). Maturity at length differs
between the EPO (Schaefer 1998) and WCPO, andwiithiWCPO (Itano 2000). Patterns of
fecundity at length may vary between the WCPO (ta000) and EPO (Schaefer 1998), and
possibly within both regions. There is no publisiddrmation on spatial variation in spawning
fraction at length. Sex ratio at length appeangaty significantly in space within the WCPO
(SPC unpublished data) and EPO (Everett and Pia89¥). The available information to
calculate spatial variation in RP throughout the R@0s quite limited. We carry out preliminary
analyses, to evaluate the extent of potential tianian maturity at age in the WCPO.

Methods
Preparation of input values

1. Growth curves
In MFCL, the distribution of length at age is det@red by the growth curve

1- e—K(a—l)
(Eqn 0.1) Lo=L+(L,-L,) T

whereL; is the mean length at the first agg,is the mean length of the oldest age, Erid the von
Bertalanffy growth coefficient (Kleibegt al.2006), and standard deviation of length at age:

—sdb[l—ZLLa;_Li]

(Egn 0.2) sd.length = sdal e mex )

In the most recent assessment (Langiegl. 2007) it was observed that growth estimated frioenentire
WCPO model yields substantially higher growth fateage classes-Z compared with growth estimates
for Region 3 only (Figure 1, Table 1). Growth estted from the WCPO model was more consistent with
size frequency data from fisheries targeting ldigje particularly outside region 3, and with otoli
length-increment data that came largely from oetsejion 3 (Lehodey and Leroy 1999). Growth
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estimated from the Region 3 model was in most casesistent with size data from the LL fisheryte t
Bismarck sea and from fisheries that catch predantip small fish, with growth increments derived
from tag data, and with otolith increment data fritr@ Indonesia-Philippines (IDPH) region (Yamanaka

1990).

Growth in region 3 was therefore modeled with th@agh curve from the region 3 model, while growth
for other regions was modeled with the growth cuestmated from the whole-WCPO model.

Table 1: Parameters of thetwo growth curves

— Whole WCPO
— Region 3

100
1

Length {cm)

Age (quarters)

Figure 1: Growth curves

2. Maturity schedules

WCPO wide Region 3,
2007 2007

La 156.4( 167.8¢

K 0.15818 0.073744

Ly 25.118 21.131

sde 9.456¢ 6.9607:

sdk 0.6580¢ 0.4332¢

Age_pars -3.0390 -2.4863
-4.1437 -8.5385
-8.405( -6.594¢
-11.617: -2.685¢
-12.6023 0.2303
-8.0269 0.7844
-3.232¢ 4.434¢

Maturity schedules were calculated for the IDPHargthe WCPO excluding the IDPH, and under the
assumption that growth rate did not vary spatigdya WCPO wide estimate). Information on matuisty
available at length (Itano 2000), but Multifan-Gtquires a schedule of maturity at age. We usedatee
from Itano (2000) to estimate the distribution ddtarity at length, using the model

mat,, = (1— (1- m) oerer )1‘1'” :

Proportion mature at length for IDPH fish was estiedl, lso = 93.86, wheren= 1.69,x = 0.0855, and
=92.6. For WCPO region outside the IDPHH109.8, wherean = 4.5l = 0.369, anck = 112.8. When
all data were combined (WCPO wide estimatg)=106, wheren = 3.7,k = 0.244, anc = 108.9.

For a given agep(ma) =>_ p( le)O g mak ley. We then used the appropriate growth curve to

len

convert each estimate to maturity at age.



Figure 2: Maturity samples by location

3. Sex ratio at length and natural mortality at dgim

SPC observer data were examined to determine yi@tl@ex ratio at length in longline catches frora th
Pacific. Data were restricted to fish between 400 170 cm. A total of 24,222 sexed yellowfin wigre
the dataset.

Differential natural mortality at age between thees was modelled by estimating the natural moytali
parameters that gave the best fit to the sex datia. Following Harley and Maunder (2003), natural
mortality M was modelled in three phases: (1) mortality tmeséor males and females, and declining
from M° at the initial age (min age) at a ratedfer time step to some breakpoint; (2) morta¥ity
constant and the same for males and females antalies begin to mature; (3) constant mortality for
males but higher mortality for mature femalléSthan for immature females. There may be d lag
between maturity and increasing mortality.

Natural mortality for males was:

M° fora=a,,
MM,a = MM,a—l_J fora: a'min+:|' """ aDreak
(Egn 0.3) M* for a,eq 1, @y

5:( Mi-M° J
Boreak ~ Amin
For females, the full mortality schedule, givengodion maturep,, was:
M?° fora=a,,
(EQn 0.4) M_,= M_._,-0 fora=a,,,....8ea
M*(1-¢,,)+M?*(¢,,) fora=ag,ewtl .. an
5



Length at age, based on a growth curve, was useahteert sex ratio at length into sex ratio at adge
two alternative growth curves used were: the WCR@ewand the region 3 growth curve from the 2007
stock assessment (Langleyal.2007). Length at age was modelled as in Equatibn The standard
deviation of length at age is calculated as in Eqna.2. Parameter values are given in Table 1.

Given the assumed length at age and standard ievaitlength at age, the proportion of fish age
length clas$en, p, .., was calculated, using 1 cm length intervals. Etguesex ratios at length by sex

were calculated as

(Eqn 0.5) N, .=N_ . e" ==

sex a sex al

(Eqn 06) Nsex Ien: Z N sex aDp ale

The parametersi? and lag were estimated by optimising the fit of the expeldb the observed sex ratio
using they? distribution.

Since natural mortality and predicted sex ratioadfected by the maturity schedule and growth rate,
natural mortality and sex ratio were re-estimat@dehich maturity schedule and growth rate examimed
the sensitivity analysis.

4. Fecundity at length

In previous assessment fecundity is assumed todpogional to weight. In this analysis we recddte
the fecundity at length relationship for the WCP@evand region 3 using the yellowfin length-fecundi

relationship estimated by Itano (200Gecundity= allengtt, with a = 2.934 x 16 andb = 3.2673.

5. Spawning fraction

In previous assessment the spawning fraction fagd classes was assumed to be equal. In thigsana
we applied the yellowfin spawning fraction at léngelationship, which is from the EPO (Schaefer
1998) to the length data for region 3 and the W@Rd2. The equation is

fractiong,g, = Y. (1— g Ve {fenattr ”)), with y,,= 0.742,y, = 0.046, angy = 54.892.

Results

1. Maturity schedules

We observed differences in the estimates of themntyagt length by longitude, withsk for yellowfin
sampled from Indonesia smaller than that obserigivbere in the WCPO (Figure 3). We did not detect
differences in kg by latitude (i.e. no observable difference in thgestimates between yellowfin
sampled in the Philippines, Hawaii, region 3 arglae 4; Figure 3). Alternative growth curves
influenced maturity at age estimates with the ne@arowth curve resulting in older maturing

individuals than that observed when the standar®@@ide growth curve is applied (Figure 4). This
influence was also detected when calculating thedale of reproductive potential for each of the
alternative growth curves (Figure 5).
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2. Inclusion of sex ratio in the calculations opreductive parameters and natural

mortality at length

Regional differences in sex ratio were detecteth tiie yellowfin sampled from
region 3 more male biased at sizes above 130 cmwiha observed in other regions
(Figure 6). Natural mortality at age was influeshdxy the sex ratio used and the

growth curve applied (Figure 7) with region 3 satiad and growth curve lowering the

estimate of aggregate natural mortality for agesda between 10 and 20 quarters
(2.5-5 yrs). Similarly region 3 sex ratio and gtbhwurve influenced the estimate of
male bias in comparison to the WCPO wide paransatgoin (Figure 8).
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3. Including fecundity and spawning fraction atdénstructure

The observed fecundity at length and spawningifract length ogives were
combined with the appropriate regional growth cuosestimate fecundity at age and
spawning fraction at age for the full model andregion 3 (Figure 9 and Figure 10).



wox X x X X XX
XXXXXX
%
.

R =4 fo00ggbEs0Eeo00000
PR 0.8
. o

Fecundity
04
|
x s
Tt
0
Relative spawning fraction
04
|
T

o —&— Region 3 o ;‘ —— Region 3
= — Full 24000600 -¢- Full

0 5 10 15 20 25 a 5 10 15 20 25

Age (qtrs) Age (qrs)

Figure 9: Relative fecundity Figure 10: Relative spawning fraction

Discussion

We observed support for alternative parameterisatad the intrinsic factors that
describe reproductive potential for yellowfin iretW CPO indicating that more
explicitly modelling of these processes and vamsnmay be warranted for future
stock assessments of yellowfin. There was evidemsepport that reproductive
dynamics of yellowfin in region 3 are differenttteat observed elsewhere in the
WCPO. In particular the alternative growth curgeregion 3 appears to have strong
influences upon the parameters that generate regitigd potential and natural
mortality. The age data for yellowfin in the WCPimited and further analysis to
validate the growth curve and its influence is wated. The estimated sex ratio and
maturity schedule for region 3 also differed. Asévity analysis would identify the
influence that these alternatives have on the eafar points used to assess yellowfin
stock status.

In this study we have assumed that the observad tresex ratio with size is due to
increased natural mortality of mature females. H@wealternative or

complementary explanations are possible, suchoageslfemale growth (as seen in
southern bluefin tuna (Farlest al.2007), or lower catchability of mature or spawning
females. Models based on such alternative stralcassumptions may result in
different stock status estimates. This is an ingrdrarea for future research.

When the relationship between fecundity and lefmgthcluded in the model, the
relative contribution of older females increase® Wéte that the exponent of the
length-fecundity relationship may be higher tha263indicating higher reproductive
contribution of older females. The fecundity dataseiggregated across areas with
different size distributions and different maturétlylength, and potentially different
fecundity at length. Analyses that aggregate nandgeneous data are likely to be
biased. The higher-density areas of region 3 headler females (SPC unpublished
data) and higher rates of maturity at length (1ta2000). If fecundity at length in these
areas is also higher, then the rate of increaecuimdity at length is likely to be
underestimated.
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